This paper addresses the issue of the optimal stock of international reserves in terms of a statistical model in which reserves affect both the probability of a Sudden Stop-as well as associated output costs-by reducing the balance-sheet effects of liability dollarization. Optimal reserves are derived under the assumption that central bankers conservatively choose reserves by balancing the expected cost of a Sudden Stop against the opportunity cost of holding reserves. Results are obtained without using calibration to match observed reserves levels, providing no a priori reason for our concept of optimal reserves to be in line with observed holdings. Remarkably, however, observed reserves on the eve of the global financial crisis were-on average-not distant from optimal reserves as derived in this model, indicating that reserve over-accumulation in Emerging Markets was not obvious. However, heterogeneity prevailed across regions: from a precautionary standpoint, Latin America was closest to model-based optimal levels, while reserves in Eastern Europe lay below optimal levels, and those in Asia lay above. Nonetheless, there are other motives for reserve accumulation: we find that differences between observed reserves and precautionary-motive optimal reserves are partly explained by the perceived presence of a lender of last resort, or characteristics such as being a large oil producer. However, to a first approximation, there is no clear evidence supporting the so-called neo-mercantilist motive for reserve accumulation.
I. Introduction
Recent financial crises in both emerging and advanced economies show the increasing fragility of financial markets and institutions in the last three decades. Fragility could arguably be partially explained by a wave of financial deregulation and regulation arbitrage, the latter leading to a "race to the bottom" by which financial instruments are designed to avoid costly regulatory requirements. The latter was evident in the context of the "subprime crisis" in which "shadow banks" could become highly leveraged by (legally) eschewing regulations applied to banks protected by central banks -although they were eventually protected by central banks on the principle that they were "too big to fail," a clear case of moral hazard.
Financial fragility was until recently ignored by mainstream macroeconomics under the presumption that the issues involved could be handled by specialists focusing on micro issuesand, if it occasionally overflowed its micro niche and threatened to cause severe output and employment effects, standard macroeconomic policies (e.g., lower policy interest rates) would be able to restore full-employment equilibrium in a short span of time. Recent episodes, though, leave no doubt that financial fragility could result in a major interruption of credit flows in spite of strenuous efforts to prevent it through standard macro policy. Credit stop brings severe cuts in working capital and investment funds, resulting in significant loss in output and employment.
Emerging market economies, EMs, have suffered a large number of these episodes. One salient characteristic in EMs is a sudden, large and largely unexpected cut in international capital flows, a phenomenon that has been labeled "Sudden Stop." Without anything resembling a Global Lender of Last Resort and, the limited ability of EMs to borrow in terms of domestic currencyboth internationally and domestically, make EMs particularly vulnerable to Sudden Stops and, outstanding examples of financial fragility.
Despite multiple official pronouncements about the need to find a new 'Financial Architecture,' particularly after the surprising collapse of the Asian Tigers in 1997, little was done to improve the resilience of EMs against Sudden Stops. This gave EM policymakers strong incentives to self-insure by accumulating International Reserves. The resilience of the high-reserves economies during the subprime crisis appears to validate the self-insurance strategy. Part of the adjustment during the Lehman crisis episode, for example, took the form of reserve decumulation.
International reserves take the form of hard-currency liquid public liabilities (e.g., US Treasury securities), typically exhibiting low rates of return compared with other investment projects opened to EMs. Thus, even though it is hard to deny the relevance of reserve accumulation for shielding EMs from the effects of Sudden Stop, the present large stocks and continued trend towards greater accumulation of International Reserves is beginning to raise the question of whether this self-insurance strategy has already reached a point of strongly declining marginal returns -and becoming "excessive."
This paper addresses the issue of the optimal stock of International Reserves in terms of a statistical model in which reserves affect both the probability of Sudden Stop, and attendant output costs. This allows us to compute the expected return from International Reserves holdings, conditional on global financial conditions. On the other hand, the opportunity cost of International Reserves is assumed to be equal to the spread of public sector bonds over the interest earned from holding reserves. These two pieces of information are employed to compute the level of reserves that maximize expected return net of cost, given global financial conditions.
Our main results suggests that over-accumulation of reserves in EMs is not obvious. Out of the 27 emerging economies considered, only 10 displayed observed reserves that were higher than their corresponding optimal level prior the global financial crisis. Also, our empirical evidence seems to indicate that currency-denomination mismatch and current account deficits -identified in Calvo, Izquierdo and Mejia (2008) as key determinants of Sudden Stops -are a substantial element taken into account by policymakers in choosing the stock of International Reserves.
However, other motives for deviating from optimal International Reserves levels associated to the precautionary motive highlighted here are also present. Some of the empirical evidence presented below suggests that oil exporting countries may hold reserves in excess of optimal reserves based on precautionary motives, perhaps as an instrument for inter-temporal transfers of oil resources. Also, perceptions of lender-of-last-resort type insurance may also explain deviations from precautionary-motive-type optimal reserves levels.
The paper is organized as follows: Section II reviews the literature on this topic, Section III presents a model based on precautionary motives, Section IV discusses empirical results, and Section V concludes.
II. Literature
The substantial increase in international reserves in several emerging markets following Sudden Stop episodes throughout the 1990s motivated the resurgence of interest in models linking international reserve hoarding to precautionary motives. Although the source of shocks may now be different, the concept of holding international reserves for precautionary reasons is not new and it can be traced back to Heller (1966) , who motivates the need for holding reserves by introducing shocks to the trade balance−e.g., a fall in foreign demand for a country's exportsalthough his framework can accommodate any kind of external imbalance. Heller's work is about the first to quantify optimal reserve levels for a large set of countries by weighting the adjustment costs resulting from external imbalances that cannot be met with reserves against the opportunity cost of holding reserves. Another family of models accounting for reserve holdings that emerged later is based on stochastic inventory-theoretic frameworks borrowed from setups modeling money holdings (such as Miller and Orr (1966) ). One of the first approaches in this direction came from Frenkel and Jovanovic (1981) , who view reserves as a buffer stock to accommodate stochastic fluctuations in external transactions. Since adjustment costs will be incurred whenever reserves reach a lower bound, it will be optimal to hold a level of reserves that can cope with the volatility of external transactions and avoid such adjustment. In this setup, optimal reserves are a function of the cost of adjustment, the opportunity cost of holding reserves, and the volatility of Wiener increments in the reserve process. Empirical modifications, as in Flood and Marion (2002) , improved on Frenkel and Jovanovic (1981) by measuring reserve volatility more precisely.
A reformulation of the precautionary approach was brought back to the forefront by Ben-Bassat and Gottlieb (1992) , who consider that a drain of reserves can lead to default on external debt with subsequent output losses. Thus, it is the cost of default that must be incorporated in the trade-off against the opportunity cost of holding reserves.
More recently, Lee (2004) , based on option price theory, estimates the optimal level of international reserves under the assumption that an overall insurance value equivalent to the amount of short-term external debt is needed for precautionary reasons. Further assuming that this overall insurance level will be met partially through market-based insurance and partially by self-insurance− i.e., reserve accumulation−he derives optimal self-insurance levels for developed countries.
2 Using this as a benchmark, he contrasts existing reserve levels in developing countries against those that they would hold were they to behave like developed countries−covering roughly about 50 percent of short-term external debt through reserve accumulation− and finds that for a group of emerging markets, excess reserves amount on average to 17 percent of GDP. He attributes this excess coverage to the weakness in institutional development and policy credibility in emerging markets. Jeanne and Ranciere (2006) , and that these economies faced lower spreads, they could explain a significant amount of the difference between the levels of observed and optimal reserves as defined by Jeanne and Ranciere (2006) . However, in their estimations, they take both the probability of a Sudden Stop as well as the cost of the crisis to be exogenous. Gonçalves (2007) extends the framework in Jeanne and Ranciere (2006) to include coverage of dollar deposit withdrawals during a Sudden Stop as an additional element to consider at the time of choosing optimal reserves, and assumes that banks match with their own reserves the equivalent of dollar deposits from non-residents, but only a fraction of dollar deposits in the hands of residents, providing an additional role for government reserve accumulation. However, this framework does not incorporate either a role for reserves either in affecting the probability of a Sudden Stop or the cost of a crisis.
To our knowledge, one of the few studies on optimal reserves that incorporate international reserves in the determination of the probability of a crisis is that of Garcia and Soto (2004) , who use the ratio of reserves to short-term liabilities in their estimations. They provide a rationale for this by suggesting that larger amounts of international reserves could imply that countries avoid costly liquidation of assets. They proceed to estimate optimal reserves for a group of four Asian economies and Chile, under alternative assumptions about the costs of a crisis, ranging from 5% to 15% of GDP. Alternatively, they ask what the costs of a crisis should be for current levels of reserves to be considered optimal. However, the mechanism under which reserve hoarding operates in reducing the probability of a Sudden Stop is not explicitly stated, and indicators of external liabilities, a factor that could be considered relevant in terms of providing a source of risk justifying the need to accumulate reserves, turn out not to be significant in their estimations.
Moreover, just like most of the literature, their specifications of optimal reserves do not rely on estimations of determinants of the cost of a crisis−including international reserves−but rather rely on sensitivity analysis to alternative sizes of the costs of a crisis.
More recently, Jeanne (2007) also incorporates international reserves as a determinant of the probability of crises, but finds that although they do help in mitigating the probability of currency crises, they do not affect significantly the probability of a Sudden Stop.
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Our approach builds on this precautionary approach literature linked to Sudden Stops and makes the following contributions: we endogenize both the probability of a Sudden Stop and the costs of a crisis through empirical models linked to balance-sheet effects. Moreover, we provide a rationale for the inclusion of international reserves in the determination of the probability of a Sudden Stop as well as output costs, as reserves constitute an instrument that offsets potential balance-sheet effects stemming from large Domestic Liability Dollarization (DLD). 5 In this sense, determinants of the probability of a crisis − including international reserves − are in and of themselves also determinants of the cost of a crisis. This approach is entirely consistent with the theoretical framework developed by Durdu, Mendoza and Terrones (2007) , who argue that foreign asset accumulation is justified by optimal self-insurance due to the risk of endogenous Sudden Stops in economies with liability dollarization and collateral constraints. In their model, precautionary demand for foreign assets takes into account how foreign asset holdings alter the probability and the magnitude of Sudden Stops, both of which are equilibrium outcomes of their model.
Another benefit of our approach is that instead of selecting parameters to calibrate a first-order condition to match average data on costs and reserve holdings, we tailor both the probability of a Sudden Stop and output costs functions to country specific information on their determinants based on empirical models. We then use our first-order condition to put these pieces together, without requiring further assumptions on parameters. In a way, this approach to obtaining optimal levels of international reserves is more ambitious in that it will not necessarily "fit" the data. However, assumptions will need to be made regarding the level of insurance policymakers may want to buy when deciding on the optimal level of reserves.
III. The model
Our point of departure relies on the assumption that international reserves serve two key purposes. On the one hand, they may affect the probability of a Sudden Stop in capital flows.
On the other, they may have an influence on the costs associated with a financial crisis. In this case, the central bank will need to decide on a level of international reserves that weighs the impact of reserve accumulation on the expected costs of a Sudden Stop against the opportunity cost of holding reserves. Consider the case in which the monetary authority minimizes the following loss function L(R):
where R are international reserves as a share of output, P(SS=1|R) is the probability of a Sudden
is the output cost conditional on the occurrence of a Sudden Stop, and ρR is the opportunity cost of holding reserves, where ρ is the spread of public bonds over interest earned from holding reserves. 6 Assume further that both the probability of a Sudden Stop and the output cost are a function of international reserves −i.e., P(SS=1)=F(R) and K(SS=1)=K(R) . In this case, we formally define optimal reserves (R*) as:
Any interior solution must then satisfy first-order condition:
For the particular case in which F(R) is obtained from estimation of a Probit model, and cost
then equation (3) becomes:
which implicitly defines a level of optimal reserves R*. To ensure that this level of reserves is optimal, second order conditions require:
which, under the assumption that α<0 and φ<0, requires:
Empirical counterparts of optimal reserves consistent with the framework above thus require estimation of a Probit model describing the likelihood of a Sudden Stop, as well as a model linking output costs of Sudden Stops to international reserves and other potentially relevant explanatory variables.
IV. Empirical estimations
Work by Calvo, Izquierdo and Mejia (2008) suggests that Domestic Liability Dollarization (DLD), together with potential changes in the real exchange rate (RER) following a Sudden Stop−proxied by the RER that would bring the current account deficit to zero−are key determinants of the probability of a systemic Sudden Stop, capturing potential balance-sheet effects following a crisis in foreign financing. 7 However, their work does not consider the potential impact that the holding of international reserves could have in offsetting the hazard caused by DLD. To explore this potential offsetting effect, we build on their estimations, but introduce the concept of net DLD, which subtracts holdings of international reserves from measures of DLD. Thus, we estimate Probits of the type:
where a systemic Sudden Stop (SS) is defined as a fall in capital flows exceeding two standard deviations below the mean that coincides with a spike in regional spreads (or a "systemic" Sudden Stop), Φ(.) is the standard normal cumulative distribution, Net DLD represents DLD net of international reserves, (1-ω) represents the change in RER that results from a stop in financing of the current account deficit, and X is a set of control variables such as foreign direct investment, portfolio integration, terms of trade growth, government balance, the exchange rate regime, the ratio M2-to-reserves and foreign debt as a share of GDP.
8 In order to reduce potential endogeneity problems, all variables are lagged one period. 9 A set of yearly time dummies (time_dum) is also included to reflect changing external conditions. Using the same database as in Calvo, Izquierdo and Mejia (2008) , covering 110 countries for the period 1992-2004 we produce a set of estimations shown in Table 1 . Interestingly, the coefficient accompanying Net DLD is significant at the one percent level across estimations, validating the relevance of international reserves in reducing the likelihood of a Sudden Stop.
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The second component of this empirical approach to optimal reserve determination requires estimation of an output cost function dependent on reserve holdings. It could be argued that a cut in foreign currency financing hitting firms indebted in that currency−leading to a cut in production or outright default as a consequence of sizeable balance-sheet effects−could be 7 DLD consists of dollar loans handed by the domestic banking system as a share of GDP. See Calvo, Izquierdo and Mejia (2008) With output costs defined, we proceed to estimation of a simple equation of determinants of these costs, using a regression of the type:
Where K T,i represents output costs as previously defined for country i. These costs are considered to be a function of a country's vulnerability to Sudden Stops. To the extent that investor predictions are right in the sense that the factors describing the vulnerability to a Sudden Stop as shown in equation (8) are valid, then these same factors could be a good predictor of the size of a crisis as well (thus, we include (1-ω) T,i , Net DLD T,i , as well as the set of control 11 HP trends are calculated over the 1980-2010 period. If anything, this methodology tends to underestimate output losses, as HP trends will tend to accompany falls in output rather mechanically when, in fact, underlying factors determining output trends may not vary significantly. We use a discount factor of 10%. 12 More precisely, this concept requires that a Systemic Sudden Stop occur in between T-1 and T+1. This requirement intends to select those output fall episodes in which a causal relation can be inferred. variables (X T,i ) included in the estimation of equation (8)). This is particularly evident with measures such as NetDLD: since large foreign currency liabilities could lead to economy-wide bankruptcies and output collapse in the event of a Sudden Stop−making debt repayment quite improbable-then it is quite likely that this factor will also be a good predictor of the probability of a Sudden Stop. Thus, NetDLD could be in and of itself a determinant of both the probability of a cut in financing as well as a good predictor of the costs associated with a Sudden Stop.
To control for the size of the different systemic shocks throughout our sample, we include the change in the aggregate EMBI Plus spread before and after each Systemic Sudden Stop associated with a fall in output.
13 Results are shown in Table 2 , and they indicate that net DLD levels on the eve of a fall in output associated with a Sudden Stop is a relevant factor behind output costs in the aftermath of a Sudden Stop (significant at the 1 to 5 percent level, depending on controls included in the specification). So is the prevailing budget balance before output collapse, which remains significant at the 1 percent level in most specifications. Measures of portfolio integration before the crisis are also significant at the 5 to 10 percent level, depending on the specification used, indicating that larger integration-presumably without appropriate accompanying institutions-may lead to larger output costs in the event of a Sudden Stop. Our proxy for the size of the shock also remains significant at the 5 to 10 percent level. However, unlike Probit estimations, (1-ω) is not significant. One potential explanation for this is that, while current account deficits-the key factor behind the (1-ω) measure-may be good predictors of the likelihood of a crisis, adjustment processes in the current account balance differ from country to country, making it difficult for this measure to account statistically for developments in the aftermath of the crisis. Taken altogether, these results are considerably good when taking into account that the sample includes only 37 observations, given the infrequent nature of Systemic Sudden Stops.
Estimation of a cost function such as that in equation (9) analyzing the effects of expansionary policies in the aftermath of a Sudden Stop, the ability of governments to respond to a crisis will depend on pre-existing vulnerabilities as well as the size of the shock, making estimation of equation (9) with the inclusion of post-shock policy responses more cumbersome due to potential endogeneity issues. Despite the limitation of not having included precise measures of monetary and fiscal response to the crisis in the estimation of equation (9), there is reason to believe that two key variables included in the estimation-i.e., Net DLD , as well as the prevailing government balance before the fall in output-could be reasonable proxies. 14 First, the tight significance of Net DLD in determining output costs may be capturing the fact that-besides being a measure of the financial burden associated with a Sudden
Stop-NetDLD can be interpreted as an indicator of limitations to expansionary monetary policies-given the increased costs that devaluation stemming from lax monetary conditions would bring. As such, it can be interpreted as a good proxy for limitations to the size of expansionary monetary policies in the aftermath of the crisis. Similarly, the tight significance of the pre-crisis government balance can also be rationalized once it is acknowledged that it can represent a proxy of the ability to conduct expansionary fiscal policy in the years ahead.
With empirical estimates of equations (8) and (9) at hand, it is now possible to put them together at work in the determination of an optimal level of international reserves that is dependent on country-specific factors and the size of Sudden Stops. 15 Given that we are using additional controls in Probit estimations than just international reserves, we modify equation (5)−pinning down optimal reserves− to account for this, such that:
where:
 is the estimated coefficient of the time dummy that the policymaker believes reflects global financial conditions, and R* is the optimal level of reserves. With equations (10)- (13) A last element to consider in order to compute optimal reserves at each point in time is that, although country-specific variables used in both Probit and output costs estimations can be chosen for each point in time, a decision that remains to be made relates to the size of the shock for which countries will insure when deciding on their optimal reserve level. Moreover, it must also be recognized that policymakers may face uncertainty in choosing amongst different specifications of the probability of a Sudden Stop (equation (8)) and the Sudden Stop cost function (equation (9)). In order to tackle both issues, we follow Hansen and Sargent (1998) , and assume that the policymaker implements a robust policy by minimizing the objective function described in equation (1) for the most conservative model, i.e., it is assumed that the policymaker faces model uncertainty (where each model is defined as a triplet of a Probit equation, a cost function and a particular size of the external shock) and chooses optimal reserve levels according to the most conservative model.
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Following this approach and for each country, we calculate optimal reserves for each combination of Probit estimations (1), (2) and (3) of Table 1 , and estimated cost functions (1) 16 That is, by choosing the model that yields the highest optimal reserves. and (2) of Table 2 , assuming the maximum size of the external shock in both cases. 17 We only use these estimations in Tables 1 and 2 because all other estimations include controls that are not significant.
Following the assumption of robust policy, we then pick the combination that yields the larger optimal reserve level, which turns out to be the most parsimonious-i.e., estimation (1) of Table 1 and estimation (1) of Table 2 . In this benchmark case, net domestic liability dollarization (NetDLD) and potential changes in the real exchange rate under a sudden loss in financing of the current account deficit remain the key determinants of the probability of a Sudden Stop, while
NetDLD and the fiscal balance are the key determinants of output costs of a Sudden Stop. This robust optimal level of reserves for 2007 is then compared against observed data in Figure 2 .
As a first observation, notice that optimal and observed stocks of reserves are on average, in the same order of magnitude for a good number of countries. In fact, the average stock of outstanding international reserves in our sample by 2007 turns out to be 21% of GDP, while the average estimated optimal level of reserves is 25.7% of GDP. This result is remarkable considering that, unlike other studies, our methodology does not involve the calibration of parameters to match sample moments. However, it must be acknowledged that although average results are similar, there is significant variance across countries.
More importantly, our calculations suggest that over-accumulation of reserves in EMs is not obvious. Out of the 27 emerging economies considered, only 10 have observed reserves that are higher than their corresponding optimal level. Regarding Emerging Asian economies, we find that some countries like Indonesia, the Philippines and Korea are close to their optimal reserve levels, while other economies such as Thailand, Malaysia, and China seem to possess much larger reserve levels than those deemed optimal under the view presented in this paper (see Figure 2 ). On average, the deviation between observed reserves and optimal reserves is positive and equivalent to 14 percent of GDP, indicating over-accumulation from a precautionary standpoint. On the other hand, several Latin American countries (with the clear exception of Uruguay) lie much closer to the forty-five degree line showing optimal reserves equal to observed levels (such is the case of Argentina, Peru and Venezuela, countries that display levels of observed reserves that are broadly in line with their optimal counterparts). In fact, the deviation between observed and optimal reserves for Latin American countries is on average negative and equivalent to 6 percentage points of GDP, 2.3 times smaller in absolute value than that of their Asian counterparts. It is particularly interesting to note that Peru, a dollarized economy, holds the largest level of reserves in the region. However, this can be interpreted as entirely consistent with optimality.
In the case of the Eastern European countries, we find that with the exception of Russia, all of these economies display much lower-than-optimal reserves. Indeed, the average difference between observed and optimal reserves is negative, and equivalent to 17 percentage points of GDP-almost three times larger in absolute value than that of Latin American countries-implying low self-insurance levels given their observed stocks of foreign currency liabilities. This fact opens the door for alternative explanations, suggesting that the presence of the European Union (EU) as a de-facto lender of last resort could have mitigated the perceived need for self-
insurance.
Yet another group can be identified where observed reserves exceed optimal reserves, with countries such as Russia and Nigeria, who are traditional oil exporters. Oil-exporting countries may accumulate reserves for purposes other than precautionary ones, such as accumulating the proceeds of oil for inter-temporal smoothing of consumption of oil resources across generations.
The fact that some groups of countries display much larger, or much lower levels of reserves relative to precautionary-motive optimal reserves, and that other motives discussed above may be affecting the size of observed reserves, we study whether deviations of observed reserves from precautionary-motive optimal reserves are in any way associated with perceived EU lenderof-last resort policies, oil consumption smoothing, or mercantilist purposes. To this avail, we run a regression of reserve deviations-observed reserved minus optimal reserves-against the share of EU foreign bank lending in domestic credit to the private sector in each country-in an attempt to capture perceived lender of last resort comfort-as well as a measure indicating the relevance of oil production-proxied by the oil trade balance as a share of GDP. We also include deviations of the real exchange rate from its previous five-year-average to account for the fact that countries with a mercantilist approach may want to hold an aggressively depreciated real exchange rate to increase exports and accumulate further reserves.
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Results are shown in Table 4 , and they indicate that, indeed, countries that profusely use EU foreign lending are prone to holding lower amounts of reserves relative to optimal levels, as indicated by the negative and significant coefficient accompanying the variable measuring reliance on EU bank lending. The coefficient accompanying the measure of oil exporting relevance turns out to be positive and significant, showing that oil producers tend to hoard more reserves than those deemed optimal from a precautionary standpoint. However, the proxy for real exchange misalignment does not turn out to be significant. From a more general perspective, it is important to notice that our analysis compares the optimal level of hard currency liquidity with the sources owned by the country, i.e. international reserves.
In general, when deciding how many reserves to hold, policy makers may consider alternative sources that could be tapped should a liquidity crisis hit the economy. For instance, in several cases-and particularly so in financial centers such as Uruguay-banks may hold large levels of reserves to meet potential dollar deposit withdrawals, which could be included in measures of total foreign currency reserves. Moreover, policy makers may expect to access funds from multilateral institutions.
In the present context, this consideration takes particular importance. How about more recent estimates of optimal reserves? Available data allow us to extend the assessment of international reserves adequacy to 2010. In this case, and for the same set of countries, we compute optimal reserves prescribed by our methodology and compare them against observed stocks (see Figure 4) . 19 Unlike previous results, we find that with the exception of Korea, Malaysia and Thailand, all other countries in our sample display lower-than-optimal reserves. While observed reserves remain relatively constant on average, the stock of optimal reserves has increased. To explain the latter, we analyze the changes in risk factors (namely, 1-ω , Gross DLD and the government budget balance) between 2007 and 2010 (see Figure 5 ). We find that all risk factors have increased in Latin America and Asia. In Latin America, the current account balance has changed from positive to negative, while the average government balance has deteriorated. In the case Europe, the observed reduction in the current account deficit relative to the absorption of tradable goods (or 1-ω in our model) is more than compensated by the deterioration of the government budget balance and the increase in Gross DLD.
One important factor to consider when interpreting these results is that the effects of the global financial crisis have not yet dissipated completely. In particular, most countries implemented significant countercyclical fiscal policies that, in most cases, have not been fully reverted.
Additionally, lower post-crisis growth in developed economies and the consequent weaker external demand has contributed to a deterioration of current accounts in emerging markets. If this global setting were to remain in the medium term, then results highlight the need to improve fiscal positions and to increase access to liquidity, either through reserve accumulation and/or by securing access to international resources.
V. Conclusions
This paper has explored the optimality of International Reserve holdings in terms of a parsimonious model in which reserves lower the probability of Sudden Stop and its attendant costs. The estimated model, which assumes that central banks maximize the objective function that our model employs to compute optimal reserves, is not calibrated to match observed 19 Due to lack of data, China and Slovakia are not included in this exercise.
reserves levels. Therefore, there is no a priori reason for our concept of international reserves to be in line with observed holdings. Remarkably, however, under robust policy choices as described above, average observed reserves holdings are not distant from optimal reserve holdings prescribed by the model. This suggests that, as a general rule, variables like currencydenomination mismatch and current account deficits are taken into account by policymakers in determining the level of International Reserves.
However, there are large discrepancies from the standpoint of individual economies, pointing to the existence of other motives for reserve accumulation. Those motives may cut across most economies in our sample but they may also involve idiosyncratic factors and objectives. As a matter of fact, further analysis of differences between observed reserves and precautionarymotive optimal reserves indicates that the perceived presence of a lender of last resort, or characteristics such as being a large oil producer, may also affect the choice of reserve levels.
Moreover, our analysis barely touches upon the so-called neo-mercantilist motive that might induce reserve accumulation as policymakers attempt to ensure trade competitiveness by manipulating the exchange rate during a capital-inflow episode, but find no clear evidence for this motive. 20 Other possible idiosyncratic factors, not captured in this study, are actual or potential credit lines from institutions such as the IMF and the Fed. We plan to tackle these challenging issues in more detail in a follow-up paper. 
